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REPORT No. 339

FULL SCALE WIND TUNNEL TESTS WITH A SERIES OF PROPELLERS OF
DIFFERENT DIAMETERS ON A SINGLE FUSELAGE

By Faep E. Weick

SUMMARY

Aerodynamic tesis were made with four geomeirically
stmilar metal propellers of different diameters, on o
Tright  Whirlwind ** J-6 engine in an open cockpit
fuselage. The tesis were made in the Twenty-Fool
Propeller Research Tunnel ‘of the National Advisory
Committes for Aeronautics. The resulls show litile
differencs in the characteristics of the various propellers,
the only one of any imporiance being an increass of
efficiency of the order of 1 per cent for a & per cent
increase of diameter, within the range of the tests.

INTRODUCTION

This investigation was made in order to obtain
practical information .regarding one phase of the
problem of the mutusl interference between aircraft
propellers and the bodies on which they are mounted,
i, e., the effect of the size of the propeller with respect
to the body.

Many model tests have been made involving pro-
peller-body interference but in nearly all ceses ideal-
ized bodies of simple shape have been used, and so,
while the results are interesting in that they indicate
general tendencies, they have little quantitative value
when applied directly to actial eircraft. In the pres-
ent tests a full-sized open cockpit fuselage with a 200
horsepower radial air-cooled engine was used along
with four metal propellers varying in diameter from
8 feet 11 inches to 10 feet b inches. The resulis are
therefore considered directly applicable to aireraft
conditions in which similar bodies and propellers are
used.

The tests wers made in the Twenty-Foot Propeller
Research Tunnel of the National Advisory Committee
for Aeronautics.

APPARATUS

The propeller blades and hub used in this investi-
gation were furnished by the Navy Department. The
blades were made of aluminum alloy, according to the
drawings in Figures 1, 2, 3, and 4. The blades were all
geometrically similar except that they were all made to
fit the same hub. They were all set at a blade angle

of 15.5° at 75 per cent of the tip radius. The blade
width and thickness ratios and also the pitch ratios
are plotted against radius in Figure 5. In order to
save weight, the steel hub, which was used for all of

.the blades, had been made 1 inch shorter than the

hub for which the blades were designed. Therefore,
while the drawings show diameters of even 9 feet, 9
feet 6 inches, 10 feet, and 10 feet 6 inches, the actual
diameters were 8 feet 11 inches, 9 feet 5 inches, 9 feet
11 inches, and 10 feet 5 inches.

The Propeller Research Tunnel is of the open-jet

type, with an air stream 20 feet in diemeter in which

velocities up to 110 miles per hour can be obtained.
A descnptmn of the tunnel, balances, end other meas-
uring devices is given in reference 1.

The propellers were tested on a conventlone.]ly
cowled 200 horsepower Wright J-5 radial air-cooled
engine which was mounted in an open cockpit fuse-
lege, asshown in Figures 6 and 7. The maximum cross-
sectional area of the fuselage wes approximately 11
square fest.

The J—6. engine was mounted on & dynamomseter
within the fuselage so that the engine torque could be
measured directly.

METHODS

The engine torque as measured included the torque
on the engine cylinders due to the twist of the slip
stream. In order to correct for this effect a special
test was made in which three J-6 cylinders complete
with valve gear were mounted under the front portion
of & water-cooled Wright E-2 engine on a VE-7 fuse-
lage in the Propeller Research Tunnel. (Figure 8.)
The cylinders were in the same position relative to the
propeller as on & J-5 engine. The middle cylinder
only was supported in such a menner that the torque
on it about the engine axis could be measured, and the
8-foot 11-inch propeller of the present tests was driven
by the E-2 engine. The torque due to the twisting
slip stream was then found for various engine and air
speeds. The results have been used to apply a cor-
rection, amounting to a8 much as 3 per cent in some
cases, to the measured engine torque, due allowance
being made for the greeter size of the other propellers.
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Fiauaz 1. Moetal blade 9.0-foot dlameter propellsr. Right-hand No. 4412

ORDINATES OF SECTIONS AT VARIOUS RADII FOR EXPERIMENTAL METAL PROPELLER BLADE
9.0 FERT DIAMETER, RIGHT-HAND (FIG. 1)

107y 12 r - .

s . . . %su r %41} r %0” r %ﬁ" r %2” r %su r _[5]_1" r
: ' . pper pper pper pper pper pper pper

Upper | Lower | Upper | Lower L

. =Y
Inches | Inches | Inches | Inches | Inches Incl_m Inches | Inches | Inches | Inches | Inches
25 0 61 0. 25 0. 56 011 0.44 0. 88 0. 28 0.23 016 0.11 0. 07
5 . 87 . 89 . 80 .16 .64 . C .41 .88 .24 .18 A1
10 . L 17 .52 1. 07 .21 .85 . . 58 44 .82 . 2] .14
20 L 41 .68 1.29 .26 1.08 .82 . 66 . 58 .38 .25 .17
30 I. 48 . 86 1. 86 .27 | LG8 . 88 . 69 . 56 . 40 .26 .18
40 L 47 .85 L 35 .27 1. 07 .88 .88 . 56 . 40 . 26 .18
50 1. 41 .68 1. 29 .26 1.03 .82 . 66 . b8 .88 . 25 .17
60 1. 29 <87 1.18 - .24 .04 .5 . 60 .49 .85 .28 .16
70 110 . 49 101 . 20 .80 . 64 .51 .42 .80 .19 .18
80 83 .87 .76 .15 .61 .48 . 89 . 81 .22 .15 .10
90 52 .28 .48 .09 .88 . 80 .24 .20 .14 .09 .08
Rad. T. E. 0.18 . 014 .08 .07 .05 .04 .08 | .02 .02
Rad. L. E. | . 0. 64 0. 30 .11 .09 07 .08 .04 .08 .02
Chord 627 . 6 54 7.12 | 7.25 7.07 6. 45 5. 42 4.05 a.81

The chord is divided into 10 equal parts, or stations, with the one at the lcading edge subdivided Into halves and quarters.
8 equals stations In per cent of chord from the leading edge.
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F1GuRE 2.—Metal blade 0.5-foot dlameter propeller. Right-hand No. 4413

ORDINATES OF SECTIONS AT VARIOUSB RADII FOR EXPERIMENTAL METAL PROPELLER BLADE

0.8 TEET DIAMETER, RIGHT-HAND. (FICG.2)

107 r 127 ¢

8 187r | 2477 | 80" | 86/'r | 427 r | 48"y | B4 r
Upper | Upper | Upper | Upper | Upper | Upper | Upper

Upper | Lower | Upper | Lower
Inches | Inches | Inchex | Inches | Inches | Inches | Inches | Inches | Inches | Inches | Inches
25 Q. 62 0.28 0. 68 014 049 0. 89 Q.82 0. 26 0. 20 0. 14 0.02
5 .84 .44 .88 .21 .70 . b6 .46 .87 .28 .20 .08
10 113 . 59 L15 .28 .94 .75 .61 .50 .88 .27 .11
20 145 .70 1.39 .88 L 18 .80 . T8 . 80 .48 .82 .16
30 L58 T4 148 .85 L19 . 95 7 .68 .48 .84 .18
40 L 56 .78 145 .86 1.18 .94 .76 .62 .48 .84 .19
50 1. 50 .70 L1 39 .83 118 .80 .78 .60 .46 .82 .19
60 L 88 .84 127 . 80 L04 .88 .07 .56 .42 .80 .18
70 1.17 .56 1.08 .26 .88 .70 . BT . 47 . 86 .28 17
80 . 89 .42 .82 .20 .67 .58 .43 .85 .27 .19 .14
90 .55 .26 .51 .12 .42 .88 .27 .22 17 .12 .11
Rad. T. E. 021 0.186 .09 .07 .06 .06 .04 .08 .07
Rad. L. E. .12 .31 .12 .10 .08 .06 .05 .08 .01
Chord 6. 65 6. 84 7. 48 7.668 7. 55 7.06 8.20 4 92 8.49

The chord is divided Info 10 equal parts,
8 equals statfons in per cent of chord from the

or stations, with the one at the Jeading edge subdivided info halves and quarfers.
leading edge.
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Fiourz 3.—Metal blads 10.0-foot diametar propellsr. Right-hand No. 4414
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ORDINATES OF SECTIONS AT VARIOUS RADII FOR EXPERIMENTAL METAL PROPELLER BLADE

10.0 FEET DIAMETER, RIGHT-HAND. (FIG. 3

107 r 124 ¢ 18" » ..

s . ) %4!1-'. %on ’.' _3_6" r %2!1 r %slr r -3-4” r %7” r

’ pper | Upper | Upper ( Upper | Upper ; Upper pper

Upper | Lower | Upper | Lower | Upper | Lower o P

Inches | Inches | Inches | Inches | Inches | Tnches | Inches | Inchas | Inches | Inches | Inches | Inches | Inches
25| 0690 0.8 0.65| 0.17| 0. 62| 0.02 0.481 0.35| 0.290} 0.28| 0.17| 0.12 0.08
5 .96 | .49 .93 .25 LT85 .02 g§ .81 .42 .84 . 25 .17 .11
10 1.28 .86 125 .38 .99 | .08 . .68 . &6 .45 .38 .23 .15
20 1. 58 .79 L 50 .40 1.21| .04 LoD .82 .8 .54 .40 <27 .18
30 1. 69 .83 | L58 421 1.27) .04 LO5 .86 LIV L L BT .42 .28 .19
40 1. 67 .82 157 .42 L26| .04 | L4 . 85 .70 . b6 .42 .28 . 19
50 L6l .79} 150 .40 1L21) .04 { LOU .82 .68 .54 .40 .27 .18
60 1. 47 72| L8388 .37 L11| .085 . 91 .75 .62 . 50 87 .25 .17
70 128 .62 117 .81 .04 .03 .78 .64 .58 .42 .81 .21 .14

80 . 98 .47 .88 .24 ’ﬁ .02 . 50 .48 .40 .32 W24 . 18 11
20 . 87 .29 . 55 .16 . .01 . 87 .80 .25 .20 .15 .10 .07
Rad. T. E. 0. 20 0.17 0. 10 .08 .07 .08 .04 .08 | gg .02
Rad. L. E. .79 . 40 .14 11 .08 .07 .08 .04 . .02
Chord . 888 7.10 7.7 804| 800 7.68| 6.8 ) 576 | 484 8. 62

The chord is divided into 10
8 equals atations in per vent of cho:

ual perts, or stations,
from the leading edge.

with the one at the leading edge subdivided into halvea and quarters.
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ORDINATES OF SECTIONS AT YARIOUS RADII FOR EXPERIMENTAL METAL PROPELLER BLADE

FIGURE 4. —)etal blade 10.5-fo0t diameter propeller. Right-hand No. 4102

10.5 FEET DIAMETER, RIGHT-HAND. (FIG. 4}

111

A

10!’,. l 12’!, 18"f N I
s #’lr %Wfr %sflr %2}[’ #I!r 8,4"’- ' ﬁw”r
pper bper pper pper | Upper pper : Upper
Upper | Lower | Upper | Lower | Upper | Lower . !
: f
Inches | Inches | Inches | Inches | Inches | Inches | Inches | Inches | Inches | Inches | Inches | Inches | Inches
25| 066 0.50, 062 0.28| 0.67 (0. 08 .0.47] 0.830| 0.382 0.27] 021 015, 0.08
] .76 '78i -90 .40 .81 .04 .88 . 668 . 47 .38 . 30 .21 12
10 103 .97 L20 .54 LO9| .05 .01 .75 .62 .51 . 40 .28 . 16
20 L84 LI7T. 1l 44 .65 1.31]| .08 109 . 90 .75 . 62 .48 .34 .19
80 L5650, L23| L&52 .68] L38}( .06 L1§ . 96 .79 .65 . 50 ;861 .20
40 1 49 L22 L 51 .87 L37)| .08 L1i4 .04 .78 .84 . 50 .36 .20
50 L43 | L17| L 44 .66 L31] .06 L 09 . 90 .75 . 62 .48 .34 .19
60 |, L31 LO07| 132 . 69 1L20] .05 100 .88 .69 . 57 .44 .81 .17
70 L1l .91 L 138 . 50 L02 | .045 .86 .70 . 59 .48 . 87 .27 .15
80 .84 .69 . 86 .88 .77 | .08 .64 .53 .41 .88 .28 .20 .11
90 . 53 .43 . 68 .24 .48 .02 . 40 .33 .28 .28 .18 .13 (174
Rad. T. E. 0. 27 20 Q11 .09 .07 .06 . 05 .04 .03 .02
Rad. L. E. 100 .49 .18 .12 .10 .08 .07 .05 .04 .02
Chord 6. 97 7.88 808, 8.41| 843 817 7.58; 6.58| 521 B.74

The chord is divided info 10 equal parts, or statio

8 equals statlons in per cent of chord from the leading

ns, with the one at the leading edge subdivided into halves and quarters.

edge.
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FULL SCALR WIND TUNNEL TESTS 113

The resultant horizontal force of the propeller-body
combination which may be either a thrust or a drag,
was measured on the regular thrust balance. (Refer-
ence 1.) This resultant horizontal force B, may be
thought of as composed of three horizontal components,

such that
R=T-D—AD
where

T =the thrust of the propeller while operating in
front of the body (the tension in the erank
sheft).

D=the drag of the airplane alone (without the
propeller) at the same air velocity and
density.

AD=the increase in drag of the airplane with pro-
peller, due to the slip stream.

stream, end also the effect of the body interference on
the propeller thrust and power.

* RESULTS

The observed data points for each of the four pro-
peller tests are given in Figures 9 to 12 and in Table ].
They are reduced to the usual coefficients of thrust,
; power, and propulsive efficiency,

[ _ effective thrust
3Dt

input %wer
02- o

_ effective thrust X velocity of advance
= input power

Or

RN,

F1oURR 7—Fuselage and engine momnied on propeller ressarch tunne! balance

In order to obtain the propulsive efficiency, which
includes the propeller-body interference, an effective
thrust is used which is defined as

Effective thrust=7T—AD
=R+ D.

The propulsive efficiency, then, is the ratio of. the
useful power to the input power, or

of advance

effective thrust X velocity
input power )

Propulsive efficiency =

This propulsive efficiency includes the increase in
drag of all parts of the airplane affected by the slip

where D is the propeller diemeter and n represents the
revolutions per unit time. Since the coefficients are
dimensionless, any homogeneous system of units may
be used.

Figures 13, 14, and 15 give the thrust coefficient,
power coefficient, and propulsive efficiency curves for
all of the propellers for comparison. It will be noted
that (1) the thrust coefficients throughout the working
range show but little veriation with all of the propel-
lers, and the smaller the propeller the higher the
thrust coefficient; (2) there was more difference be-
tween the power coefficients, and the smaller the pro-
peller the higher the power coefficient; (3) the maxi-
mum propulsive efficiency increased slightly as the
propeller diameter was increased.

il



FIGURE 8.—J-8 oylinders mounted on E-2 engine for slip-stream torque tests
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FIGulE 10.—Propeller No. 4418. Diameter 0 feet 5 Inches
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FIGURE 12.—Propeller No. 4103, Diameter 10 feet 5 inohos
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In Figure 16 the values of propulsive efficiency and
—-D are plotted egainst the coefficient

o=/

where 1" is the velocity of advance and P represents

the power absorbed by the propeller. Propellers
N oo
5 —18 =" 977
o ¥ 95"
- 54 d " 87/
& 2
02
! o=
I b;lcl t\:f
o 4 < 5 4 Lo

Vnb
FIGURE I+h—Power coeflicients

operating at the same value of (s are fulfilling like
requirements of power, velocity, and revolutmns, and
are, therefore, on & fair basis for comparison. Figure
16 shows that the larger propellers are more efficient
throughout the entire flying range, and that within

LO—1—
g dia. 5"
—&8 “ 9
G * 55" b
8o = arr
d’le N
. \
n
&
/ .
. |
£acy
o 2 A 5 8 Lo
v/nb

FioTRE 15.—Propulsive efficlencles

the range of the diameters tested, the increase in the |

efficiency is of the order of 1 per cent for each &
per cent increase in the diameter.! The curves of

E%“' Cs are 8ll very nearly the same up to the

value of Cy for maximum efficiency, showing that the
difference in power absorption due to body interfer-

1 The percentage difference Is based upon the ratlos of the actual values of efi-
clency, not on the dlrect difference. Thus, an efficiency of 0.75 Is 6.25 per cent
Jower than an eficlency of 0.50.

41680—81——9

ence, again within the limits of the tests, has no ap-
preciable effect on the diameter required fo fit any
given set of values of P, n, V, and ».

CONCLUSIONS

1. The difference in the aerodynamic coefficients
found for the various diameter propellers was quite
smell.

2. Within the range of the tests, the propulsive
efficiency was higher with the larger propellers, the

| f
1T
d- g * 957
< d - 81—
£

T/ \

b &o Y

8

£ ,/
v
3

2

= v 2 5 20 24
&

I‘mn.:m.-——v_-ﬁnndqﬂ Cs

i difference in eﬂiclency being of the order of 1 per cent
for a 5 per cent change in diameter.

LaxgLEY MEMORIAL AERONAUTICAL LABORATORY,
NaTtioNan Apvisory CoMaOTTER FOR AERO-
NAUTICS,
LaneieyFierp, Va., March 12, 1929.
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u b

TABLE I ]
OBSERVED DATA
Propeller No. 4412
Diameter, 8 feet 11 inches
N : r |- 4
p mp.h | r.pm 1%, b | Cr Cr ) "
L -

0. 002288 821 | 1,750 | 579 | e46 | 0.0525 | 00832 | 0.484 | 0.734
. 002280 825 | L710 | 642 | 891 | “.o0505 | .o0827 476
. 002280 828 | 1,705 | b52¢ | B62 . 0484 0318 479 | 729
. 002272 829 | 1,800 | B518 | 855 - 0488 0822 484 784
. 002272 83, 8 , 518 | 851 - 0490 492 | 749
- 002272 828 | 1,685 | &8 | 586 - 0494 0823 485 744
. 002272 885 | 1,600 | G516 | 569 - 0492 0820 | .488 750
002260 888 | 1,750 | B&s0 |. 582 . 0476 0818 498 | 746
- 002269 880 | 1750 | G545 | 572 - 0469 osl4 | .40 | 740
- 002269 90.8 | 1,765 | &L | 586 J0474 | 0819 509 7865
. 002262 oL 1 | |1, 780 575 | - .0468 osi7 | .81 | 788
- 002259 942 | 1760 | 547 58 |  .0460 0318 | .881 | 770
- 002259 042 | 1780 | &4l 0452 | . 0815 531 768
002256 | 1044 | 1810 | &2 |. i1 089¢ | 0200 570 776
1002256 | 104 1 . 528 | 514 : - 0200 570 | .
002256 | 1085 | . 1,780 | 485 | 457 -0378 | .0282 B84 769
1002256 | 1085 | 1,700 | 444 | 409 - 0358 0274 | .601 | .785
1002368 | 1081 | 1 398 | 850 10824 818 | 760
1002256 | 108.0 | I,505 201 - 0289 0241 639 | .765
002278 | 1027 | 1,650 | 818 | 261 10274 | .0236 | .658 7858
“00z228 | 1024 285 | 210 10286 | . 0210 875 | 758
‘002248 | 1081 | 1486 | 4288 | 175 | 0210 | -oiee | .700 | 748
1002248 | 1085 | ‘1,880 | 200 | 188 J0181 | .o0188 785 | .720
002248 | 31034 | 1856 | 165 | 100 - 0188 0160 764 | .850
002248 | 1081 | 1,200 | 119 g8 0085 | .0127 | .700 ! 405
(002228 | 1024 | 1,240 87 3 .0088 | 0101 815 | .
1002248 | 1028 | 1200 .| 68 8 0005 | -oo78 | - - 057
T002248 | 1025 | 1,100 7 | —a7 | — o088 0010 920 |
(003248 | 1025.| 1,175 @ | —11 | —o020 | . - 861
- 002258 80.6 | 1,760 |- 579 | 668 10545 | .0882 | .48 | To74d
- 002259 sL5 | Lo | xes | es7 "0525 | .0830 | -459 | .730
. 002252 78.9 | 1,705 | 538 | 599 10821 | .0880 | .456 | .720
. 002252 7®e | 1 586 | 601 0524 | 0328 .
. 002252 748 | 1708 | 549 | 645 0561 | 0838 430 .| 719
. 002252 75.7 | 1,700 | 542 | 621 0545 | .0834 40 | 719
- 002255 685 | 1,675 | 540 | 685 0501 | .0844 404 | .605
- 002255 62 | 1670 | 58 | 649 10580 | .0842 408 | 694
- 002255 6L2 | 1,680 688 0882 | .0850 864 | .658
: 82.8 | 1,645 | 533 | 666 0624 | . 0850 877 | .67
- 002264 208 | 1,600 | 519 | 858 .0845 | . 0860 128 | .803
- 002264 222 | 1,680 | 511 | 838 .0834¢ | .0868 138 | 821
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TABLE I—Coniinued

Propeller No. 4413
Diameter, 9 feet 5 Inches

Y N Q T 14
p m.p.h. | r.p.m. | Ib.ft. 1b. Cr Cr ")) ¥
0. 002249 85. 5 1, 405 491 476 0. 0433 0. 0298 0. 585 0. 776
. 002249 86. 2 1, 505 489 4064 0416 . 0208 . 586 . 760
. 002249 88. 8 1, 510 402 458 . 0409 . 0203 . 550 . 768
. 002249 88. 9 1, 510 490 454 . 0405 . 0202 . 880 . 764
. 002246 90. 5 1, 630 492 457 . 0898 . 0285 . 558 .T72
. 00.6 1, 530 488 450 . 0892 . 0284 . 664 . 765
. 002238 98.7 1, 560 497 461 . 0889 . 0280 . 562 . 'T80
. 002238 98.7 1, 560 407 458 . 0388 . 0280 . 562 .T?h
. 002235 104.9 1, 620 481 416 . 0824 . 0251 .. 605 . 780
. 002285 104 0 1,610 478 416 . 0829 . 0252 . 603 . 786
. 002285 1040 1, 660 429 8638 . 08068 . 0242 . 628 . 787
. 002235 108. 2 1, 500 884 38038 . 0276 . 0234 . 044 . 760 -
. 002235 108. 2 1, 450 816 241 . 0236 . 0206 . 665 . 759
. 002235 1027 1, 400 279 201 0211 . 0194 . 685 . T4L
. 002235 102. 7 1, 850 238 156 0176 . 0175 . 710 . 712
. 002228 102. 6 1, 300 191 116 . 0141 . 0155 . 787 . 760
. 002228 102. 4 1,245 148 78 . . 0129 . 769 . 87T
. 002228 102.0 1, 200 115 46 . 0085 . 0109 . 705 . 484
. 002228 101. & 1, 150 78 5 N . 0075 . 825 . 084
. 002228 |. 10L 2 1, 090 36 —26 —. 0044 . 0041 . 8690 ————
. 002234 821 1, 530 521 526 . 0480 . 0304 . 502 . 750
. 002234 82. 4 1, 526 617 519 . 0458 . 0804 . 508 . 758
. 002236 787 1, 505 517 538 . 0481 . 0818 . 489 . 760
. 002236 78.8 1, 506 516 521 . 0471 . 0812 . 480 . 740
. 002236 T4 5 1, 500 517 551 . 0508 . 0815 . 464 . 740
. 0022368 T4 5 1, 500 515 541 . 0404 . 0814 . 464 . 720
. 002239 L1 1, 475 508 546 . 0516 . 0819 « 461 . 780
. 002239 70.4 1, 460 500 544 . 0624 . 0820 . 451 . 789
. 002239 66.6 1, 450 607 566 . 0551 . 0330 . 429 . 716
002239 65. 6 1, 450 503 5687 . 0651 . 0827 . 423 . 714
. 002239 643 1, 450 518 594 . 0578 . 08338 . 415 . 720
. 002239 62.0 1, 440 507 581 . 0676 . 0336 . 402 . 689
. 002248 20. 20 1, 400 400 808 - . 0344 . 135 . 830
. 002248 20. 88 1, 890 408 792 . 0835 . 0846 . 187 . 380
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TABLE I—Continued
Propeller No. 4414
Diameter, 9 feet 11 inches

N Q P 14
P mph | npm | b | b _Cr Cr ) L
0. 002225 86,0 | 1,420 | 581 | ‘522 | ‘aos3 | o 0280 l 0.581 | 0.795
- 002225 858 | 1410 | 543 | 500 0420 | 0288 | .638 | .781
- 002225 886 | L1410 | 510 | 467 | .ose2 | .o278 | 559 | 704
. 002225 g86°| 1410 | 518 | 461 | -co3ss | .o278 | .ss0 | 705
- 002223 00.3 | 1,485 | 522 | 460 10880 | .020 | .B5O | .790
- 002223 90,8 | 1485 | o515 | 454 | ..0868 | .0265 | .561 | .780
. 002223 ga8 | 14s0 | 518 | 4855 | ‘o862 | .0260 | .74 | 800
- 002223 9a.4 | 1485 |. 512 | 482 70866 | .0264 | .576 | .709
002219 | 1050 | 1500 | 10 | 424 | .0817 | .0248 | .é21 | .g8o01
002219 | 1041 | 1495 | 15 | 419 | .0318 [ .02456 | .60 | 709
7002219 | 1041 | 1455 | 462 | 383 | .0289 | .0227. | .685 | .809
002212 | 1086 | L1415 | 415 | si9 | o268 | .0221 | .es0 | .788
[002212 | 1048 | 1350 | 864 | 250 | " -0288 | . .0207 . .es0 | .782
002212 | 1080 | 1200 | 277 | 188 o188 | Lotrr | o0 | .7s0
002212 | 1088 | 1280 | 280 | 13 ‘o144 | ois7 | (734 | 675
002212 | 1020 | 1200 | 177 87 0102 | .ol | .760 | 500
‘002212 | 026 | I 188 | 127 88 | . .0049 | .0106 | .808 | .880
1002212 | 102.8.| 1095 92 | . 8 0004 |° .0081 ; .884 051
002212 | 1022 | 1,080 4 | -8 | — L0047 865 | ...
1002212 | 10Z4 | 1000 31 —67 | —o112 | 0003 o10 | -2
. 002217 82.4 | 1,440 | 581 | 580 | ..045¢ |- .0208 507 771
- 002217 82.8 | 1430 | 68 | 544 T 04d6 | 0208 514 775
. 002221 7.8 | 1400 | G568 | 564 0482 | . o306 403 776
. 002221 78.8 | 1400 | 560 | 548 10466 | 0808 400 768
- 002221 73.6 | 1880 | 558 |- 661 0408 | .0808 | 474 750
- 002221 742 | U870 | 547 | B4 10488 | .0310 | 481 788
- 002224 6.5 | 1850 | 654 | &78 0524 | .0821 744
1002224 701 | 1850 | 547 | 861 0515 | .0818 | 481 | .748
002224 62.4 | 1880 | 547 |. 598 0861 | .0827 | .416 714
- 002234 83.0 | 1815 | 539 | &70 0560 | .0830 | .425 721
. 002224 66.1 | 1,885 | G549 | &77 o541 | 0828 40 | 780
. 002224 668 | 1830 | 542 | &72 o041 | 0824 439
- 002233 2.2 | L'260 | 519 | 812 0855 | .0848 | .1500| 870
. 002288 212 | 250 | s | 707 ;0850 | .oss0 | .1E12| 368
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TABLE I—Continued

Propeller No. 4102 —_—
Diameter, 10 feet 5 inches

i | . :
P | m.p.h. ' rpom | bt | Ib Cr Ce aD *
I 1
. 0.002224 85.2 | 1,205 555 | 481 | 0.0897 | 0.0274 | 0.566 | 0.806
. 002224 86.2 : 1,200 | 543 481 . .0270 | .588 | .79l
. 002224 830 ; 1,29 529 450 .0860 | .0261L | .&75 | .811
. 002224 87.8 | 1,206 525 444 .0864 | .02860 | .578 | .80
.00222¢ | 89.6 | 1,805 | 585 444 .0868 | .0260 | .580 | .800
| .o00222¢ 90.0 ' 1,300 | 520 440 0358 | .0260 | .58 | .806
. 002220 932 | 1,820 | &28 434 0343 | .0252 | .b06 | .811
. 002220 921 ' 1,820 523 425 .0338 ; .0210 | .501 . 797
[ .o002217 1051 | 1,870 501 873 L0275 | . 650 . 802
. 002217 1045 ' 1,870 | 497 872 20274 | .0220 | .645 | .80
. 002217 1045 1,310 418 | 288 -0282 ! .0208 | .676 | .
.002209 | 1041 . 1,245 | 841 | 217 .0194 ! _0i83 | .708 745
. 002209 103.6 | 1,206 279 159 0151 , .0160 | -735 638
. 002209 1029 | 1,140 196 8 | .000L : .0i128 | .762 | .b556
. 002209 1029 | 1,100 148 4 | 006l 0102 | .790 308
. 002209 1025 | 1,080 88 —5 | —.0006 | .0086 | .825 —-
' .002209 ' 1021 | 1,010 32 | —46 | — 0062 ' 0026 | .855 e
. 002218 8L6 1,315 500 535 0427 . .0284 | .525 |
. 002218 8.2 | 1,206 576 515 .0425 | .0286 | .538 | .796
. 002218 77.4 | 1,280 ! 871 518 | .0437 @ .0201 .510 | -768
. 002218 77.8 . 1,250 | &5 505 0447 ' 0206 | .52 | .70
. 002228 78.8 | 1,285 ' 55D 528 -0470 | (0804 | .50L , .775
. 002228 73.8 , 1,280 | &40 | GlL 0464 , .0300 | .507 | .785
- 002223 70.9 | 1,280 ; 554 | 580 -0480 | .0303 | .48 ; .770
- 002223 70.4 ' 1,280 | 547 | 515 066 . .0200 | .484 | .74
. 002223 65.6 . 1,105 | 545 531 .0B11 | .0817 | .485 ; .740
. 002223 85. 2 1,195 , 539 528 .0504 | .0813 | .481 741
. 002225 626 1,185 | 534 | 583 0521 ; 0814 | .446 | - TAQ
. 63.2 ' 1,180 ; 529 527 0510 : .0814 | .454 | _750
. 002280 190 | 1,080 | 472 696 . | o347 | .12 | .3m
| - 002280 100 | L0s0 | 463 690 -0841 | .0844 | .182 I .872
TABLE II TABLE II—Continued
FINAL ADJUSTED COEFFICIENTS Propeller No. 4413
Propeller No. 4412
Diameter, 8 feet 11 inches Diameter, § feet 5 inches
v : ' v
aD | Cr - Cp I L] . Cs 2D Cr Cr L] Cs
010 | o0oses | 00360 l o210  o0.19¢ 0.10 | 0.0867 | 0.0848 | 0.250 | 0.195 ;
.15 ' .0829 ; .0860 | “3s8 202 15 | .o820 | .0350 | .385 | .204
.20 : .0780 @ .0860 , .438 i 380 .20 | .o7ss | .0350 | .450 | .32 T
.25 | .0746 : .0360 ! .518 ! .436 -25 | L0740 0350 , .628 | .480 -
.80 | . | -0889 | .82 | .584 .80 | .0800 | .0848 | .505 586 —
.85 ' .0640 , .0852 | .645 & .682 .85 | .08630 | .0342 | .653 | .esS -
.40 . 0501 . (0342 | .00 | .785 .40 | ‘oss2 |, .0835 ! .e05 | 780 T
.45 . .0B30 | .0385 | .728 & .888 .45 | 0522 ! .0823 | .726 893 —
.50 | .0478 | .0318 | (751 ; .998 .50 | .0466 | .0808 | .756 | L 002 —
85 | .0412 . .0204 | .7i0 | L1I2 .55 0400 | .0282 1122 i
.60 i .0360 ! .0270 ' .778 ! 1.282 .60 | .0830 | .0252 785 | L 252 —
.86 | .0270 . .0288 . .770 | 1378 .65 | .028 ; . .718° | 1301 -
.70 .0210 | L0199 | .730 | L581 .70 0196 , .o188 [ . L 540 ==
.76 | .o140 | .o160 , .656 ' L711 .75 0126 | .0140 | .634 | 1.740
.80 l . ! . 0110 i .471 | Leu1 .80 . 0055 . 0108 427 | 2 000 =
t —
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TABLE II—Continued TABLE IT—Cont{nued
Propeller No. 4102 . . Propeller No. 4414
Diameter, 10 feet 5 inohes Dismeter, 9 feet 11 inches
. v |
Cr Cr ] Cs D Cr Cr v

0. 0890 0. 0345 0. 258 0 196 010 0. 0808 0. 0850 Q. 256
. . 0850 . 0344 . 870 . 204 15 . 0857 . . 868
.20 . 0805 . 470 . 808 .20 . 0360 . 461
.25 . 07568 0340 . 566 492 a5 . 0760 . 0848 545
. 80 . 0701 . 0840 . 619 501 - 80 0708 0346 614
.86 . 06846 0338 . 870 . 600 .36 . 0680 0341 . 6687
.40 . 0588 . 0880 . 712 . 790 .40 « 0500 . 0848 700
.45 . 0627 . 0817 . 748 . 898 . 0580 . 0821 748
. 50 . 0465 . 0209 778 "L 008 . 50 . 0468 . 0802 7o
. 66 . 0400 . 0278 . 709 1,128 56 . 0400 . 0279 . 789
.80 . 0882 . 0247 . 806 L 257 . 80 + 0881 . 0250 706
. 656 . 0263 . 0216 .701 1. 804 . 856 . 02668 . 0220 . 785
.70 . 0191 - 0180 . . 748 1, 568 .70 . 0196 . 0185 . 740
.76 . 0118 . 0188 . 640 1. 765 .75 . 0127 . 0148 .
. 807 . 0042 . 0091 . 870 2, 050 . . 0056 . 0106 . 425




